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INTRODUCTION

BACKGROUND

I. The failure rates of helicopter components such as instruments, avionics,
gearboxes, bearings, and pumps have hindered mission accomplishment -and have
increased the logistic support effort required to keep Armty helicopters at the
neces'sary level of operational capability. It is suspected that many component
failures result from an excessive vibration and temperature environment and that
the helicopter vibration and temperature environment may degrade crew
performance. However, there are insufficient data available to verify these
suspicions. To obtain the data necessary to define the vibration and temperature
environment of helicopter components and the crew stations, the United States
Army Aviation Systems Test Activity (USAASTA) was directed (ref 1, app A)
by the United States Army Aviation Systems Command (AVSCOM) to conduct
a vibration and temperature survey on present-day Army helicopters.,

2. This report on the AH-IG helicopter is the fifth of i planned series~of six
reports which will define the vibration and temperature invir6nment of the OH-58A
(ref 2, app A), UI-lH (ref 3), CH-54B (ref 4), OH-6A (ref 5), AH-1G, and
CH-47C helicopters.

TEST OBJECTIVE

3. The objective of the entire environmental test project is tp, determine
quantitative vibration and temperature environment data for all prn(nt-day Army
helicopters. The objective of the AH-IG environmental survey -as to determine
the vibration and temperature environment of the AH-IG instruments, avionics,
selected components, and the crew stations under 6ill normal operating conditions.

DESCRIPTION

4. The AH-IG helicopter is a gas turbine-powered armed helicopter with a
maximum gross weight of 9500 pounds. It is configured with two-bladed, teetering
main and tail rotors. Tandem seating is provided for the pilot in the aft seat and
copilot/gunner in the front seat. The cyclic, collective, and pedal controls are
hydraulically boosted and irreversible, and a three-axis rate-sensing stability and
control augmentation system is provided. Landing gear is of the fixed
energy-absorbing skid type. A single Lycoming T53..L-13 free gas turbine engine
rated at 1400 shaft horsepower (shp) at sea-level, standard-day, uninstalied
conditions powers the aircraft. The engine is derated to 1100 shp due to the
maximum torque limit of the main transmission. Standard armament is the XM23EI
armament subsystem with the M 134 machine glin and XM 129 grenade launcher
mounted in the weapons turret. Oine of each or both of the same weapon may
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be mountcJ in the turret. The M434 machine gun fires 7.62mm ammunition at
rates of fire of 2000 and 4000 rounds per minute. The 'XM 129 grenade launcher
fires 40ram grfeia-des at 400 rounds per minute. Two store mounting points are
located on eh side of the helicopter on stub wings. Additional armament may
be mounted on ,the stub wings. For this testing 2.75-inch folding fin aerial rockets
(FFAR) were fired from two M I59C rocket pods (19 rockets per pod maximum)
mounted on the inboard store mounting points. Imaddition, the XM35 armament
subsystem was installed on the left stub wing. This subsystem consists of the XM 195
20mm gun with a rate of fire of 750 rounds per minute, two streamlined right-
/and left-hand ammunition boxes mounted adjacent to the fuselage under the stub
wings, and associated hardware. Both the pilot and gunner instrument panels are
mounted on vibration isolators on aircraft which have been modified to accept
the XM35 armament subsystem. Selected avionics items'are mounted on vibration
isolators. The avionics equipment on the test aircraft (serial number 67-15844)
was as specified in the operator's manual (ref 6,-app A). Detailed aircraft flight
instruments and avionics information may be found in appendix B and in the
operato's manual.

TEST SCOPE

5. Vibration data were recorded during steady flight, maneuvering flight, and
weapons-firing flight from 53 triaxial accelerometer locations, 4 biaxial
accelerometer locations, and 4 uniaxial locations for 57 flight conditions. Five
configurations were tested: light, 7560 pounds; heavy, 8680 pounds; armed firing
turret, 7807 pounds; armed firing rockets, 81.6 pounds; and armed firing XM195
(20mam), 8470 pounds. The flight conditiohs test:6,d are listed in table I and the
various configurations are presented iri appendi'x B. Temperature data were
recorded at 18 locations in flight and during statichot soaks in the sun. The nose
of the helicopter was pointed toward the sun for" All temperature measurements.
The accelerometer and thermocouple locations are described in appendix C and
photographs of these locations are presented in appendix C. A total of 29 flights,
consisting of 25 productive testing hours, were conducted at Edwards Air Force
Base, California. Comparisons with vibration data previously gathered on other
helicopters were made. The flight restrictions and operating limitations observed
during this evaluation were as specified in the operator's manual (ref 6, app A).
The flight conditions and configurations used for all the AH-IG and previous
helicopter environmental testing are contained in the test plan (ref 7).

TEST METHODOLOGY

6. The test AH-IG helicopter was instrumented to record Vibration data on a
frequency multiplexed.frequency modulated (FM-FM) magnetic tape system.
One hundred seventy-one channels of acceleration vibration data were recorded
from accelerometers mounted on the instrument panel, avionics, crew stations, and
other selected components. The instrumentation was limited to recording data from
12 accelerometers simultaneously with 8 manual switching groups. This switching

6
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enabled a total of 96 channels of vibration data to be recorded for each flight
condition. To record the total of 171 channels, the accelerometers were relocated
and all flight conditions were~repeated. Eighteen channels of temperature data were
hand-recorded fron a single display by manually switching to the desited pickup.
The parameters required to definethe flight condition were hand-recorded from
calibrated ship's standard instruments.

7. A total of 9591 vibration data records were recorded and narrow-band spectral
analyses were performed on 8898 of tiese data records. To present the results
of the spectral analysis in a form which could be more easily comprehended thanIthe 8898 spectral analysis plots, a statistical method of summarizing the data on
a digital computer (referred to as data compression) was developed. The data were
compressed by selecting groups of the 8898 spectral analysis plots and summarizing
each of these groups in two compressed data plots. These two compressed data
plots show the maximum acceleration and the mean plus 3-standard-deviation
(3-sigma) acceleration with the mean acceleration in the form, of a frequency
spectrum similar to the individual spectral analysis plots. The mean plus 3-sigma
acceleration value is that acceleration below which 99.87 percent of all data
recorded fell. Data compression was accomplished by taking the acceleration value
of each of the 500 frequencies which were output by the spectral analyzer for
all spectral analysis plots in a compression group and finding the maximum and
minimum acceleration, the mean acceleration, and the mean plus 3-sigma
acceleration. A table is provided with the maximum acceleration compression plots
which lists the flight condition, accelerometer location, and axis at which each
maximum acceleration occurred. The equations used to calculate the mean and
standard deviation and a block diagram of the spectral analysis and data compression
systems are presented in appendix D.

8. The flight conditions selected for the vibration testing were selected to cover
all normal flight conditions encountered in operational use of the AH-I G helicopter.
The first pass of the data compression grouped the data according to flight
condition. The second and third data compression passes combined all of the flight
conditions in proportion to, the number of columns each flight condition occupies
in the data array (figs. I through 3, app E). For example, landings comprise 4 out
of 46 nonfiring columns or 8.7 percent of the data which, in the compressions
that combine flight conditions, represents a flight during which 8.7 percent of
the flight time is spent in landings. The first-pass data compressions may be used
to combine flight conditions in any .proportion desired.



RESULTS AND DISCUSSION

GENERAL

9. The AH-IG nonfiring instrument and avionics vibrations were primarily
sinusoidal, with a random variation of amplitude with time at each discrete
frequency. The primary source of low-frequency vibration was the main rotor, with
a maximum mean plus 3-sigma acceleration of 0.55g at the main rotor
2-per-rotor-revolution (2/rev) frequency of 10.8 hertz (Hz., Although the maximum
vibration recorded occurred at the main rotor 2/rev frequency, the large'st Vibration
levels for most of the instruments and avionics occurred at the main rotor 8/rev
frequency of 43.2 Hz. Weapons-firing vibrations induced by the M134 (7.62mm)
and XM195 (20mm) gun firing were primarily harmonic. No harmonic content
was apparent when firing the XM 129 (40mm) grenade launcher or 2.75-inch rockets.
The weapons-firing vibration levels were higher in amplitude and frequency than
the nonfiring vibration levels, with a maximum mean plus 3-sigifia vibration of
1.3g at 355 Hz. The highest instrument and avionics vibration recorded during
weapons firing was 7.0g at 420 Hz at the gunner instrument panel mount. The
amplitude limits of military specification MIL-STD-810B (ref 8, app A) were not
exceeded for any test conditions, but the tipper frequency limits of MIL-STD-810B
were exceeded for most of the weapons firing. The instrument and avionics vibration
isolation mounts attenuated most weapons firing-induced vibrations; however, the
isolation mounts on the ARC-134 and ARN-83 radios amplified AH-IG main
rotor-induced vibrations. The pilot seat pad attenuated the primary seat structure
vibrations and the pilot's body attenuated vibrations above 22 Hz. Specification
limits for pilot station vibrations during maneuvering flight and weapons firing are
required. The maximum mean plus 3-sigma vibration level recorded was 38g at
1915 Hz at the tail rotor drive shaft gearboxes. The frequency content of the
A-I G main rotor-induced vibrations was similar to that of the UH-I H and OH-58A
helicopters, but showed a higher lharmonic content than the main rotor-induced
vibrations of the CH-54B and OH-6A helicopters. The AH-IG instrument and
avionics vibration environment for, both firing and-nonfiring test conditions was
among the lowest of all helicopters tested. The highest instrument and avionics
temperatures were recorded in the cabin area under static conditions and decreased
in forward flight. The highest component temperature rise was 61.2"C above the
outside air temperature at the tail rotor drive shaft No. 3 hanger bearing. The
results of this test project indicate the following: Data in this and pievious
environmental test reports should be applied to revising the appropriate mi!itary
environmental specifications; the upper frequency limit of 500 Hz of
MIL-STD-8i' 0B should be extenied; improved vibration isolation for instruments
and avionics should be provided; and the pilot station vibration limits of military
specification MIL-H-8501A (ref 9, app A) should be extended to include
maneuvering and weapons-firing flight conditions.



VIBRATION DATA

Helicopter Vibration Sources

10. There are three primary sources of vibration in present-day gas turbine-powered
helicopters: the 4nain and tail rotors; all other rotating components; and, if the
helicopter is armed, gunfire. The rotor-induced vibrations are of a low frequency,
with the fundamental frequency equal to the rotor sjeed. In present-dy helicopters,
the main rotor speed ranges from about 3 to 8 H with the rotor speed generally
decreasing with increasing rotor diameter. A vibration occurring at the main rotor
fundamental frequency is referred to as the'one-per-rotor-revolution (1/rev). The
rotor also -induces har-onic vibrations at frequencies which are integral multiples
of the number e!f-rotor blades muJtiplied by the fundamental rotational frequency.
Thus, a two-bladed rotor with a fundamental frequency of 5 Hz induces vibrations
at frequencies of 5 Hz (I/rev), 10 Hz (2/rev), 20 Hz (4/rev), 30 Hz (6/rev), etc.,
and a three-bladed. rotor at frequencies of 5 Hz (I/rev), 15 Hz (3/rev), 30 Hz
(6/rev), 45 Hz (9/rev), etc. Normally, main rotor induced-vibrations beyond the
10th harmonic, 100 Hz for a two-bladed rotor, are not significant. Rotor-induced
vibrations at harmonics of the rotor fundamental frequency are the predominant
helicopter low-frequency vibrations and are caused by dissymetry of lift over the
rotor disc which excites rotor blade structural modes and generally increases with
airspeed. Vibrations are induced by all other rotating components in the helicopter.
The fiy"qucncies range from the fundamental rotational frequency of the component
up to geartooth, ball-bearing, and turbine-blade-passage frequencies which may range
as high as 20 to 30 kilohertz. Gunfire-induced vibrations are caused by recoil forces
transmitted through the gun mount and by muzzle blast pressures. They have a
fundamental frequency equal to the gun rate of fire and harmonics of this
fundamental up to about the 20th harmonic. Typically, the highest vibration level
will be at one of the gunfire harmonic frequencies. Fundamental gunfire frequencies
range up to about 70 Hz.

Data Relvancy

11. Qualitative pilot evaluation indicates that there is a wide variation in the
vibration level of different helicopters of the same model due to differences in
the mechanical condition of each helicopter. Thus, if vibration levels are to be
measured which are representative of those encountered in a particular model of
helicopter, then a sample -of several units of this model of helicopter must be
tested. All of the data hi this report are from one AH-lG helicopter, serial
number 67-15844, which began the test program with 1544 flight hours.

Data Presentation

12. The data were summarized in three data compression passes and in
24 transmissibility comprcssions. Each data compression is presented as two
plots: maximum acceleration recorded versus frequency, and mean with mean plus
3-sigma acceleration versus frequency. The mean plus 3-sigma acceleration values
best represent the.test data, since accelerations in excess of the mean plus 3-sigma
10



limit were recorded less than 0.13 percent and would be only rarely encountered
~in operational use of the helicopter. The data grouping used in,each compressior

pass is summarized in table 2, with details of the data compression shown in the
data arrays (figs. I through 3, app E). In the data array, each square represents
a spectral analysis data point. The numbers assigned to each group of squares in

*the data, array represent a compression group, with squares having like numbers
belonging to the same compression group. This compression group number is written
on each compressed data plot for identification. The transmissibility compressions
combine all axes and flight conditions for the iput and output accelerometer
locations of interest. The specific locations compressed are indicated on each
transmissibility plot.

13. The instrument and avionics nonfiring and firing third-pass compression results
are presented in tables 3 and 4 and in figures A tlrough D in the body of this
report. The second-pass nonf'ring and 'firing compressions are presented in

appendix E for all, accelerometer locations. Only the instruments, avionics, and
pilot station compressions are presented in appendix E for the first-pass nonfiring
and firing conditions. The first-pass compressions for the other locations are
available from, USAASTA. For the second and third compression passes, a table
is presented with the plot of the maximum accelerations which lists the
accelerometer location, axis, and flight iondition at which each significant peak
acceleration occurred. The acceleration values which are presented in this report
are one-half of the peak-to-peak value. The individual spectral analysis data, on
digital magnetic tape, are available from USAASTA.

Instrument and Avionics Vibration

14. Instrument and avionics vibration data were gathered from 20 triaxial
accelerometer locations at the test conditions shown in table 1. Accelerometer
locations and photographs are provided in appendix C. Third-pass data

compressions which combine all instrument and avionics locations for all nonfiring
and firing flight conditions are presented in figures A through D in the body of
this report. Second-pass compressions are presented in figures 4 through 97,
appendix E, and first-pass compressions are presented in figures 98 through 253.

15. The non-firing vibration data were found to be primarily sinusoidal, with a

random variation of acceleration amplitude with time at each discrete frequency.
This random variation was usually less than 30 percent of the mean value and
was apparently due to small changes in variables such as light turbulence or small
control inputs. Table 5 lists the primary AH-IG vibration sources and their
frequency at the main rotor test speed of 324 rpm. Dhe main rotor was the primary
nonfiring vibration source, with the tail rotor and engine shaft also causing
significant vibrations. Thl. maximum mean plus 3-sigma acceleration value of 0.55g
at the main rotor 2/rev frequency of 10.8 Hz was recorded (fig. B). A peak
acceleration value of 3.01g at the main rotor 2/rev frequency was recorded along

t 11



Table 2. Data Compression Gruping.

Compression Group Elements Number of Number of
Pass (location number),  Group Elements Compressions

Pilot instrument panel (1, 3, 5, 7, 8)
Pilot Instrument panel structure (2, 4, 6)

Gunner instrument panel (9, 11, 13)
Gunner instrument panel structtre (10, 12)

Gun sight (14)
Avionics (15, 16, 17, 18, 19, 20)

Gunner seat structure (21)
Pilot input (22, 23, 24, 25, 26),

Pilot (27, 28)

Lift link (29)
Tach generators (30, 31, 32) 24

Equipment Transmission mounts (33, 34, 35, 36)
Transmission case (37)

Engine mounts (38, 39, 40)
Engine deck (41, 42)
Engine (56, 57, 58)

1st Hanger bearings (43, 44, 45)
Tail rotor gearboxes (46, 47) p300

Tail boom attach points (48, 49)
Collective servo (50)

Elevator tip (51)
Navigation lights (52, 53)~Gun mounts (54, 55)

Fuselage skin (59, 60, 61)

Hover
Left sideward flight

Level flight

Flight Climb
conditions3  Descent 13

Takeoff and landing
Maneuvering~Ground run

Firing'

Equipment Same as Ist pass 24
2nd 247

Flightconditions All firing and nonfiring 2

All instruments and avionics (1', 2, 3, 4, 5, 6,
Equipment 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20) 2

3rd Flight

conditions All firing and nonfiring 2

IAll axes combined for all compressions.
2No nonfiring compressions calculated for fuselage skin locations.
Collective servo and elevator tip compressions not calculated for M134 weapons firing.
Tail boom attach points compression not calculated for 2.75-inch FFAR weapons firing.
3Flight conditions described in detail in table 1.
4M134, XM129, XM195. and 2.75-inch rockets.

12
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Table 5; AH-IG Vibration Sources

Main rotor speed:' 324 rpm

Source Frequency
_______________________(Hz)

Fundamental 5.4
2/:ev 10.8
4/rev 21.6
6/rev 32.4

Main rotor 8/rev 43.2
10/rev 54.0

12/rev 64.8
14/rev 75.6

Fundamental 27.6

2/rev 55.1
4/rev 110.2

Tail rotor 6/rev 165.3

8/rev 220.4
10/rev 275.5

Engine shaft 110

Tail rotor rive shaft '72
(Gas producer V*002) 419

Power turbine 3.51dament 2072

90-dagree gearbox gear mesh 1072
42-degree gearbox gear mesh, 1930
Main transmission, second stage 640
Hain tranimission lower section, 2857
drive bevel gear

Main transmission, first stage 1977

Fundamental 33.

lst harmonic 66.7

2nd harmonic .99.9
3rd harmonic 133.3
4th harmonic 166.6

-'134 7.62rm machine gun 5th harmonic 200.0
at 2000 rd/mn 6th harmonit 233.3

7th harmonic 266.7
8th harmonic 300.0
9th harmonic 333.3

10th harmonic 366.6

Fundamental 66.7
Ist harmonic 133.3
2nd harmonic 200.0

3rd harmonic 266.7
X 134 7.62m m-achine gun 4th harmonic 333.3
at 4000 rd/in 5th harmonic 400.0

6th harmonic 466.9

7th harmonic 533.6
8th harmonic 600.3
9th harmonic b7.0

10th harmonic 733.7

Fundamental 6.6
Ist harmonic 13.6
2nd harmonic 20.0

3rd harmonic 26.6
4th harmonic 33.3

a129 40 grenade launcher t harmonic 40.0
at 400 rd/mi 6th harmonic 46.6

7th harmonic 53.3
8th harmonic 60.0

9th harmonic 66.6

10th harmonic 73.3

Fundamental 12.5
1st harmonic 25.0
2nd harmonic 37.5

3rd harmonic 50.0
4th harmonic 62.5at195 20dm machine gun 5th harmonic 75.0

at 750 rd/mn 6th harmonic 87.5

7th harmonic 200.0
8th harmonic 112.5
9th hlrmonic 137.5

20th harmonic 150.0

Fundamental 10.8
Ist harmonic 21.6
2nd harmonic 32.4

3rd harmonic 43.2
4th harmonic 54.0

2.75-inch FFAR 5th harmonic 64.8
6th harmonic 75.6
7th harmonic 86.4
8th harmonic 97.2
9th harmonic 108.0 19
10th harmonic 118.8



the vertical axis at the ARC-134 radio (location 19) during a dive at VNE (fig. A).
Although the maximum vibration recorded occurred at the main rotor 2/rev
frequency, figure 5, appendix E, indicates that the largest vibration leve!s for most
of the instruments and avionics occurred at the main rotor 8/rev frequency of
43.2 Hz.

16. Weapons-firing vibration data were gathered at the conditions shown in
table 1. The M134 (7.62mm) machine gun vibrations were primarily harmonic
below 500 Hz with discrete spectral peaks occurring at integer multiples of the
gun,.rates of fire. Above 500 Hi, the M 134 firing vibrations were more broadband,
although discreteispectral peaks were still evident (figs. 117, 143, and 195, app E).
The XM 195 (20mm) machine gun vibrations were also primarily harmonic up to
800 Hz, above which there were no significant XM 195 firing vibrations (figs. 121,
147, and 199). The XM129 (40mm) grenade launcher vibration harmonic
frequencies were close to the main rotor harmonic frequencies. As a result, it was
not possible to determine if XM 129 firing harmonic vibrations were present. There
were no significant vibrations above 140 Hz during XM129 firing (figs. 119, 145,
and 197). Vibrations during .2.75-inch FFAR firing were broadband with little
periodic content, but were probably masked by the 2/rev main rotor vibrations
(figs. 123, 149, and 201). The weapons-firing vibration levels were higher in
amplitude and frequency than the nonfiring vibrations. A maximum firing mean
plus 3-sigma firing vibration level of 1.3g at 355 Hz (fig. D), compared to a
maximum nonfiring mean plus 3-sigma vibration of 0.55g at 10.8 Hz, was recorded.
A peak firing vibration of 7.Og at 420 Hz (fig. C) during M134 machine gun fiaing
was recorded along the vertical axis at the gunner instrument panel left side mount,

Comparison with the Military Standard

17. Figure E shows a laboratory vibration test curve for equipment installed in
helicopters taken from figure 514.1-3 of MIL-STD-810 B (ref 8, app A). The
ordinate is changed from units of vibration amplitude as the curve is presented
in MIL-STD-8 OB, to units of acceleration to be compatible with the data prec-hted
in this report. The significant mean plus 3-sigma acceleration limits from figures B
and D are plotted on this specification curve with previously acquired OH-58A
vibration data (ref 2, app A), UH-I H vibration data (ref 3), CH-54B vibration data
(ref 4), and OH-6A vibration data (ref 5). This specification curve does not limit
helicopter instrument and avionics vibration levels but gives vibration levels to be
used for laboratory qualification of instruments and avionics for helicopter use.
A data compression composed of only equipment mounted on isolators was not
calculated, since the lower curve of figure E assumes that the vibration isolators
will reduce vibrations above a frequency of 33 Hz, which was not the case for
the vibration isolators tested. All instrument and avionics mean plus 3-sigma
vibration levels are well below the test curve of MIL-STD-810 B. However, the upper
frequency limit of 500 Hz for MIL-STD-810B was exceeded for much of the
weapons firing.

20



00

0wa

Q IL 0

ww

o ow a

(;- -

Z

-J I

z z- J-
-U M A did

Cz z O

W~. 0 0ZCE41
LL13IO0 - ZlpUJ4

0 &F -CA --
o 9 w ILLw

a Z

.00

LL 1.4 0

o. 00

N

& 0

oL Lo1:*

X N

< U)

&;.NOI1VU3133)V MV3d 01 NVU 41YH-3N0 21



o

Isolation Mount Characteristics

18. The transmissibility of the vibration isolation mounts on the pilot and gunnef
instrument panels, the RT-857/ARC-134 VHF radio, and the R1391/ARN-83
direction finder radio was evaluated at the AH-IG firing and nonfiring driving
frequencies. Transmissibility was determined by measuring the input and output
accelerations across the isolation mounts and calculating the ratio of output to
input acceleration. The input and output accelerations used were those determined
fnmi the mean plus 3 sigma compressions of all axes and all flight conditions.
This-ratio is plotted as a data point at each driving frequency.inifigures F through I.
The isolation mounts attenuated nearly all weapons firing-induced vibrations.
However, the isolation mounts on the ARC-134 and ARN-83 radios amplified
vibrations induced by the main rotor, which are the primary source of nonfiring
vibrations. This amplification was most significant on the ARC-134 radio, where
the main rotor-induced 2/rev vibration was amplified by a factor of 3 (fig. H).
This amplification caused several -maximum vibrations to be recorded at the
ARC11 34 radio (able 3). The pilot and gunner instrument panel isolation mounts
reduced weapons-firing vibrations by one-half while slightly amplifying nonfiring
vibrations. Amplification of vibrations at AH-IG driving frequencies by the
instrument and avionics vibration isolation mounts is a shortcoming. Improved
vibration isolation for instruments and avionics should be provided.

Crew Station Vibrations

19. Pilot station vibrations were measured at the pilot collective grip, cyclic grip,
right pedal foot rest, seat structure, seat pad, bite block, and helmet at the
conditions shown in table 1. Gunner seat structure vibrations were also meaured.
Accelerometer locations and photos are described in appendix C. The second-pass
data compressions are presented in figures 16 through 21 and 62 through 67,
appendix E, and the first-pass data compressions are presented in figures 202
through 253. The pilot for which these data were recorded weighed 170 pounds
and was 71 inches tall.

20. The transmissibility of the seat pad for nonfiring and firing conditions was
evaluated by calculating the ratio of the seat pad acceleration to lihe seat structure
accelerations at AH-IG driving frequencies. These ratios are plotted in figure J.
Seat pad acceleration was measured by attaching an accelerometer to the bottom
of a 10-inch by 6-inch by 0.020-inch aluminum plate on which the pilot sat. The
accelerations used were those determined from the mean plus 3-sigma compressions
of all axes for the seat pad and seat structure. Results indicate that the primary
seat structure vibrations were reduced approximately by half in amplitude, at most
frequencies, by the seat pad. This vibration attenuation by the seat pad is desirable,
since it reduces the vibrations transmitted to the pilot.

21. Vibrations at the pilot's head were measured with an accelerometer attached
to a bite block. The bite block was a plastic and aluminum form shaped to fit
the pilot's teeth. The pilot held the bite block securely in his mouth when vibrations
were recorded from this location. The ratio of the bite block acceleration to the

22
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combined collective grip, cyclic giip, right pedal foot rest, seat structure, and seat
pad acceltrations was calculated and is presented as pilot transmissibility in
figure K. The results show that the pilot's body attenuates all significant AH-IG
vibrations atove 22 ilz. The crew station vibration limits of paragraph 3.7.1b of
MIL-11-8501A (ref 9, q)p A) are compared to the gunner and pilot seat structure
mean plus 3-sigma accelerations for all axes in figure L. The data are divided into
two groups. hover, level flight, climb, descent, and sideward flight compose one
group, while takeoff, landing, and maneuvering compose *he other group. There
is no specification limit on vibration levels during maneuveri.? flight, so these data
were combined with the takeoff and landing transition data, sink',- most maneuvers
are transient conditions. There is a 1pecification vibration limit for flight from
Vcnise to Vlimit airspeeds but no data were grouped for this condition, since
airspeeds within this range on the AH-IG helicopter are normal!y encountered
during maneuvering Ilight and are trnskent conditions. The maximum vibration
recorded for 30-knot rearward flight to Vcruise was 0.35g at the main rotor 8/rev
(43.2 Hz) frequency. which exceeded the specification limit by 21 percent at the
pilot seat. The specification flight limits were exceeded at the pilot seat at the
main rotor 2/rev (10.8 Hz). 4/rev (21.6 Hz), 8/rev (43.2 H7), and 10/rev
(54.0 Hiz) frequencies, and at the gunner seat at the main rotoi 8/rev frequency
during transition. The largest vibration recorded was 0.62g at the pilot seat, at
the main rotor 8/rev frequency, which exceeded the transition specification limit
by 107 percent. Vibration levels at the pit station in excess of the limits of
MIL-H1-8501A are a shortcoming. Crew station vibrations were recorded during
weapons firing and were generally about the same amplitude, but higher in
frequency, than the main rotor-indued vibrations. There are no specification limits
for crew station vibrations during %%eapons firing, however, crew station vibrations
during weapons firing %ere qualitatiNCly jtdgLd to be acceptable. Specification limits
for pilot station vibrations during maneuering flight and weapons firing are
required.

Selected Component Vibration Characteristics

22. Vibration data were recorded at 33 locations throughout the helicopter other
than instrument, avionics, and crew station locations. These locations and
photographs are described in appendix C. Data were recorded at the test conditions
shown in table I. These vibration data were recorded at the request of the
United States Army Air Mobility Research and Development Laboratory
(USAAMRDL), Eustis Directorate, and were transmitted to USAAMRDL in the
Northrop Corporation data report (rer 10, app A). The selected component
second-pass data are presented in this report in figures 20 through 49 and 68
through 97, appendix E. The selected component first-pass data are not presented
in this report but are available from USAASTA.
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23. The vibration characteristics at these 33 locations will not be discussed in
detail but, in general, show the presence of high-level, high-frequency vibration
near rotatiig equipment, particularly the engine and gearboxes. The maximum mean
plus 3-sigma vibration acceleration level recorded was 38g at 1915 Hz at the tail
rotor gearboxes (fig. 38, app F). The source of this vibration was identified as
the tail rotor 42-degree gearbox mesh frequency.

(ompariion with Previous Environmental Test Data

24. Vibration data gathered from the OH-58A (ref 2, app A), the UH-Ili (ref 3),
the CH-54B (ref 4), and the 01-6A helicopters (ref 5) are compared with AH-IG
vibration data in Figure F., The frequency content of the AH-IG main rotor-induced
vibrations was similar to that of the UH-IH and OH-58A, which have two-bladed
rotor systems, but different from that of the CH-54B and OH-6A, which have
five-bladed and four-bladed rotor systems, respectively. While the CH-54B and
CH-6A main rotor-induced vibrations were primarily at the main rotor first
harmonic frequencies, the AH-IG main rotor-induced vibrations were significant
trom the main rotor first harmonic frequency (2/rev) to the main rotor fourth
harmonic frequency (8/rev). Weapons-firing vibrations were similar in frequency
content to those of the 01-58A and OH-6A helicopters. The overall nonfiring
and firing vibration environment for the AH-IG was among the lowest of all
helicopters tested.,

TEMPERATURE DATA

Component Air Temperatures

25, Component part surrounding air temperatures were recorded at 18 locations
described in table 3, appendix C, and shown in photographs in appendix C.
Temperatures were recorded for static hot soaks in the sun, level flight between
88 and 124 knots calibrated airspeed (KCAS), and in-ground-effect (IGE) hover.
The nowe of the helicopter was pointed toward the sun for all temperature
measurements. Temperatures were recorded in flight with the environmental control
system (ECS) ON and with the ECS OFF with air vents open. Static temperatures
were recorded with the cabin vents closed. Temperature data for all conditions
are presented in table 6. Detailed static temperature data for locations with a
temperature rise of 100C or greater are presented in figures 254 through 262,
appendix E. Temperature rise was determined by subtracting the outside air
temperature from the component temperature of interest.

26, Solar radiation had a significant effect on both static and in-flight
temperatures. In-flight data were obtained over a range of solar radiation values
by recording data at different times of day from morning until afternoon. About
10 minutes were required for in-flight temperatures to stabilize at steady-state
values. The in-flight tenmperature data presented in table 6 were obtained by
averaging the temperature data over the range of solar radiation values tested. Static
temperatures required about 2 hours to stabilize. This long stabilization time
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required that temperatures be recorded around noon when olar radiation was nearly
constant for a 2-hour period. To determine static temperatures for values of solar
radiation and ambient air temperature different than those tested, an analytical
method was used which is described in appendix D. Figures 254 through 262,
appendix E, are the results of this analytical method, with representative solar
radiation values (refs II and 12, app A) also shown.

27. Static temperature date for the cabin and avionics locations are tabulated at
a solar radiation value of 2'50 BTU/hr-ft 2 and outside air temperature of 450(
in table 6. These results Sizw that high temperatures in the forward cabin area
occur under static conditions and decrease in flight due to increased air circulation.
Temperatures in the engine area were low tnder static conditions but increased
in flight due to engine heat. ';'he high forward cabin static temperatures are due
to large amounts of transparent area in the forward section of the fuselage which
allow solar radiation to enter. The highest average component temperature rise
recorded was 61.2*C at the tail rotor drive shaft No. 3 hanger bearing during hover.

Wet Bulb Gllobe Temperature Index

28. The Wet Bulb Globe Tempei -,w,:xr (WBGT) index, as described in reference 13,
appendix A, was recorded in fligt with the ECS ON, and with the ECS OFF
with all vents open. A sensing un;t c nsisting of a dry bulb thermometer, wet
bulb thermometer, and black globe thcrn ometer was located at the copilot/gunner
station in the sun. The sensing unit wai obtained from the United States Army
Medical Equipment Research an. Development Laboratory, Fort Totten,
New York, and is shown in photo 49, appendix C, Dry bulb and black globe
temperatures versus solar radiation and airspeed ar: presented in figure M.

29, The WBCT index is used to describe the effect 'f the temperature environment
on the human body. It is determined by adding 70 percent of the naturally
convected wet bulb temperature, 20 percent of the black globe temperature, and
10 percent of the dry bulb temperature, Temperatures are in degrees Fahrenheit.
The following criteria for application of the WBGT index are proposed in
Department of the Army Technical Bulletin TB MED 175 (ref 13, app A):

a. When the WBGT index reaches 820, discretion should
be used in planning heavy exercise for unseasoned personnel.

b. When the WBGT reaches 850, strenuous exercises,
such as marching at standard cadcice should be suspended for
unseasoned personnel during their first three weeks of training.
At this temperature training activities may be continued on
a reduced scale after the second week of training.

c. Outdoor classes in the sun should be a,.oided when
the WBGT exceeds 850.
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d. When the WBGF reaches 88' , strenuous exercise
should be curtailed for all recruits and other trainees with less
than 12 weeks training in hot weather. Hardene. personnel,
after having been acclimatiied each season, can carry on limited
activity at WBGT of 880 to 90' for periods not exceeding
6 hours a day.

The highest WB(;T "ndex value recorded in flight with the ECS OFF was 82.3°F
at an outside air temperature of 79F,. a relative humidity of 35 percent, and a
solar radiation value of 360 BTU/hr-ft 2. Based on the data presented in figure M
and a psychrometric chart (app D), the WBGT index can be calculated for any
combinatio, of outside air temperatures, relative humidity, and solar radiation.
For an outside air temperature of 1 00F, a relative humidity of 50 percent, and
a solar radiation of 250 BTU/hr-ft 2 , the WBGT index would be 98.7"F at the
copilot/gunner station with the ECS OFF. This calculation is described in
appendix D. A WBGT index of 919.7<'F is well in excess of the maximum discussed
in the above criteria, and it is likely that a WBGT index higher than 98.7"F would
be recorded under certain conditions with the ECS OFF. With the ECS ON, the
WBGT index was not significantly lowered; however, crew comfort was qualitatively
judged to be grcatly increased. The ECS functions primarily by circulating
refrigerated air through the pilot and copilot/gunner sea, cushions and only slightly
lowers the ambient cabin air temperature. The WBGT sensor measured ambient
cabin air temperature conditions and did not consider the cold air circulating
through the seat cushions. For this reason, the WBGT index with the ECS ON
was not an accurate indication of crc% comfort.

35



d. When the WBGT reaches 88, strentuous exercise
should he curtailed for all recruits and other trainees with less
than 12 weeks training in hot weather. Hardener personnel,
after having been acclimati7ed each season, can carry on limited
activity at WBGT of 880 to 90° for periods not exceeding
6 hours a day.

The highest WB(;T Index value recorded in flight wiih the ECS OFF was 82.3°F
at an outside air temperature of 79°F, a relative humidity of 35 percent, and a
solar radiation value of 360 BTU/hr-ft2 . Based on the data presented in figure M
and a psychrometric chart (app D), the WBGT index can be calculated for any
combinatio, of outside air temperatures, relative humidity, and solar radiation.
For an outside air temperature of' l90', a relative humidity of 50 percent, and
a solar radiation of 250 BTU/hr-ft 2 , the WBGT index would be 98.7"F at the
copilot/gunner station with the ECS OFF. This calculation is described in
appendix D. A WBGT index of 98.7°F is well in excess of the maximum discussed
in the above criteria, and it is likely that a WBGT index higher than 98.7"F would
be recorded under certain conditions with the ECS OFF. With the ECS ON, the
WBGT index was not significantly lowered; however, crew comfort was qualitatively
judged to be greatly increased. The ECS functions primarily by circulating
refrigerated air through the pilot and copilot/gunner seal cushions and only slightly
lowers the ambient cabin air temperature. The WBGT sensor measured ambient
cabin air temperature conditions and did not consider the cold air circulating
through the seat cushions. For this reason, the WBGT index with the ECS ON
was not an accurate indication of crLw comfort.
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CONCLUSIONS

GENERAL

30., Analysis of the test results obtained during this evaluation resulted in the
following conclusions:

a. The AH-IG nonfiring instrument and avionics vibrations were primarily
sinusoidal, with a random variation of amplitude with time at each discrete
frequency (para 15).

b. The primary source of low-frequency, nonfiring vibrations was the main
rotor, with a maximum mean plus 3-sigma acceleration of 0.55g measured at the
main rotor 2/rev frequency of 10.8 Hz (para 15,

c. Although the maximum vibration reccrded occurred at the main rotor
2/rev frequency, the largest vibration levels for most of the instruments and avionics
occurred at the main rotor 8/rev frequency of 43.2 Hz (para 15).

d. The M134 (7.62mm) and XM195 (20mm) gun firing vibrations were
primarily harmonic (para 16).

e. No harmonic content was visible when firing the XM 129 (40mm) grenade
launcher or 2.75-inch rockets (para 16).

f. Weapons-firing vibration levels were higher in amplitude and frequency
than the nonfiIng vibration levels, with a maximum mean plus 3-sigma vibration
of 1.3g at 355 H7 (para 16)

g. The highest instrument and avionics vibration during weapons firing was
7.Og at 420 Hz at the gunner instrument panel mount along the vertical axis during
M134 (7.62mm) gun firing (para 16).

i. The amplitude limits of MIL-STD-810B were not exceeded for any test
conditions; however, the frequency limits were exceeded for most of tht weapons
firing (para 17).

i. The instrument and avionics vibration isolation mounts attenuattd most
weapons firing-induced vibrations (para 18).

j. The pilot seat pad attenuates the primary seat structure vibrations
(para 20)

k The pilot's body attenuates all All-IG vibrations above 22 Hz (para 21).
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I Specifwication limits for pilot station vibrations during maneuvering flight
and weapons firing are required (para 21).

in. The maximum mean plus 3-sigma vibration level recorded was 38g at
1915 lIz at the tail rotor drive shaft gearboxes (para 23)

,1. Tie frequency content of the AH-IG main rotor-induced vibrations was
similar to that of the UH-I H and OH-58A helicopters, but showed a higher harmonic
content than the main rotor-induced vibrations of the CH-54B and OH-6A
helicopters (para 24).

o. The AH-IG instrument and avionics vibration environment for both firing
and nonfiring test conditions was among the lowest of all helicopters tested
(para 24).

p. The highest component instrument and avionics temperatures were
recorded in the cabin area under static conditions and decreased in forward flight
(para 27).

1., The highest average temperature rise was 61.2°C above the outside air
temperature at the tafl rotor drive shaft No. 3 hanger bearing (para 27)

r. There were no deficiencies and two shortcomings noted during the testing.

SHORTCOMINGS

31. The following shortcomings were identified:

J. Amplification of vibratnons at AH-IG wiving frequencies by the ARC-134
and ARN-83 isolation mounts (para 18)

h. Vibration levels during nonfiring flight at the crew stations in excess of
the limits of MIL-H-8501A (para 21)
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RECOMMENDATIONS

32. The shortcomings should be corrected (para 31).

33. The data in this report and previous environmental test reports should be
applied to revising the appropriaze military environmental specifications.

34. The upper frequency limit of 500 Hz of MIL-STD-810B shouid be extended
(para 1 7).

35. Improved vibration isolation mounts for instrument and avionics components
should be provided (para 18).

36. The pilot station vibration limits of MIL-H-8501A should be extended to
include maneuvering and weapons-firing flight conditions (para 21).

38



APPENDIX A. REFERENCES

I. Letter, AVSCOM, AMSAV-EF, 31 August 1971, subject: AVSCOM Test
Request No. 70-15, Instrument Panel, Avionics Compartment and Crew Station
Environmental Study.

2. Final Report, USAASTA, Project No. 70-15-1, Instrument Panel and Avionics
Compartment Environmental Survey, Production 011-58A Helicopter,
September 1972.

3. Final Report, USAASTA, Project No. 70-15-2, Vibration and Temperature
Survey, Production U1l-1 Ht telicopter, January 1973.

4. Final Report, USAASTA, Project No. 70-15-3, Vibration and Temperature
Surrey, (It-548 lelicopter, March 1973.

5. Final Report, USAASTA. Project No. 70-154, Vibration and Temperature
Survey, Production OH-6A Helicopter, August 1973.

6. Technical Manual,TM 55-1520-221-10, Operator ' Manual, Army Model AH-IG
'elicopter, June 197 I.

7. Test Plan, USAASTA, Project No. 70-15, Helicopter Vibration and
Einvironmental Sunv, July 1971.

8. Military Standard, M IL-STD-8 lOB, Environmental Test Methods.
15 June 1967.

9. Military Specification, MIL-H-8501A, Helicopter Flying and Ground Handling
Qualities; General Requirements For, 7 September 1961, amended 3 April 1962.

9. Test Data Reduction Report, Northrop Corporation Electronics Division,
NORT 73-325. Environmental Vibration Survey, AH-IG llelicopter-HueyCobra,
)ecember !1973.

11. Publication, Instut Royale Meteorologique de Belgique, Donnes du
Rayonnenunt Solair a Leopoldville, Periode 1953-1962, 1965.

12. Publication, 1)2-90577-2, R. A. Atlas and B. N. Charles, Summary of Solar
Radiation Ciharacteristics, Tabular Sunnaries, December 1964.

13. Department of the Army Technical Bulletin, TB MED 175, The Etiology,
Prevention, Diagnosis, and Treatment of Adverse Effects of fleat, 25 April 1969.

39



APPENDIX B. AIRCRAFT DESCRIPTION

I)IMENSIONS AND DESIGN DATA

Overall Dimensions

Aircraft length:

Nose to tail skid 44.43 ft

Rotors turning 52.97 ft

Height:

To top of rotor mast 10.19 ft

To top of turning tail rotor 13.46 ft

Main Rotor

l)ianeter 44.00 ft

Number of blades 2

Airfoil type Special symmetrical
section, 9.33 percent
thickness

Blade chord (root to tip) 27.0 in.

Blade twist (root to tip) -10.0 deg linear

Solidity 0.0651

Tail Rotor

l)iameter 8.50 ft

Number of blades 2

Airfoil type NACA 0015

Blade chord (root to tip) 8.41 in.

Blade twist (root to tip) Zero deg
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Operatint Limitations

Engine power (continuous) 1400 shp

Transmission rating (continuous) I100 shp i

Turbine outlet temperature (30 minutes) 6450C

Turbine outlet temperature (continuous) 625°C

Rotor speed (power ON) 294 to 324 rpm

Rotor speed (power OFF) 294 to 339 rpm

Maximum airspeed (sea level, clean) 190 kt

Maximum gross weight 9500 lb

Gear Ratio

Engine to main rotor 20.370:1

Engine to tail rotor 3.990:1

41



* Figure 1. Helicopter Diagram
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Figure 2.
Pilot Instrument Panel Configuration. AH-IG S/N 67-15844
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PnlFigure 3. IGunner Instrument Panel Configuration. AH-IG S/N 67-15844

3I

1. VHF Radio and Signal Distribution 9. Radio - Magnetic Indicator
Panel 10. Caution Panel

2. Torque Meter 11. Radio Call Letters

3. Airspeed Indicator 12. Interphone Panel XMTR Select Data
4. Attitude Indicator 13. Wing Stores Jettison Switch

S. Pressure Altimeter 14. Emergency Collective Hydraulic
6. Gas Producer Tachometer Switch
7. Exhaust Gas Temperature Indicator 15. 20MM Control Panel when Installed
8. Dual Tachometer
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Table 1. Light Test Configuration.

Longitudinal Lateral Longitudinal Lateral

Item Weight Fuselage Fuselage Moment Moment
(lb) Station Station(in) (n.) (in.-ib) (in.-ib)

(in.) (in.)

Basic aircraft 5943 202.5 .13, right 1,203,345 768

Average fuel 1092 203.1 Zero 222,000 Zero

Instrumentation 200 245.0 Zero 49,000 Zero

Pilot 175 135.0 Zero 23,625 Zero

Engineer 150 83.0 Zero 12,450 Zero
Test conditions 7560 199.8 .1, right 1,510,420 768

Table 2. Heavy Test Configuration.

Longitudinal Lateral Longitudinal Lateral
Item Weight Fuselage Fuselage Moment Moment

(ib) Station Station Min) Minb
(in) (n.) (in.-ib) (in.-ib)

(in.) (in.)

Basic aircraft 5943 202.5 .13, right 1,203,345 768

Average fuel 1414 203.0 Zero 287,000 Zero

Instrumentation 200 245.0 Zero 49,000 Zero

M159C rocket 260 199.2 Zero 51,800 Zero
pods

2.75-inch FFAR 288 195.1 Zero '56,200 Zero

Ballast 250 115.0 Zero 28,750 Zero
,,4

Pilot 175 135.0 Zero 23,625 Zero

Engineer 150 83.0 Zero 12,450 Zero

Test conditions 8680 197.3 .09, right 1,712,170 768
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Table 3. M134 (7.62mm) Machine Gun Firing.

f Longitudinal Lateral Longitudinal La'eral
Item Weight Fuselage Fuselage Moment Moment

(lb) Station Station(in) (n.) (in.-ib) (in.-ib)

______ I(in.) (in.) _ _

Basic aircraft 5943 202.5 .13, right 1,203,345 768

Average fuel 1054 203.0 Zero 214,000 Zero

Instrumentation 200 245.0 Zero 49,000 Zero

Average 7.62mm 288 117.5 10.0, 33,840 2880
ammunition right

Pilot 175 135.0 Zero 23,625 Zero

Engineer 150 83.0 Zero 12,450 Zero

Test conditions 7810 196.7 .47, right 1,536,260 3648

Table 4. M129 (40mm) Grenade Launcher Firing.

Longitudinal Lateral Longitudinal Lateral

Item Weight Fuselage Fuselage Moment Moment
(lb) Station Station(in) (n.) (in.-Ib) (in.-ib)

(in.) (in.)

Basic aircraft 5943 202.5 .13, right 1,203,345 768

Average fuel 1147 203.5 Zero 234,000 Zero

Instrumentation 200 245.0 Zero 49,000 Zero

185 117.5 -10.0, 21,738 -1850ammunition left

Pilot 175 135.0 Zero 23,625 Zero

Engineer 150 83.0 Zero 12,450 Zero

Test conditions 7800 197.9 -.14, left 1,544,158 -1082
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Table 5. 2.75-Inch Rocket Firing.

Longitudinal Lateral Longitudinal Lateral
Item Weight Fuselage Fuselage Moment Moment

(Ib) Station Station Mint (inb

(in.) (in.) (in.-Ib) (in.-lb)

Basic aircraft 5943 202.5 .13, right 1,203,345 768

Average fuel 1104 203.6 Zero 224,000 Zero

Instrumentation 200 245.0 Zero 49,000 Zero

M159C rocket 260 199.2 Zero 51,800 Zero
pods

2.75-inch FFAR 288 195.1 Zero 56,200 Zero

Pilot 175 135.0 Zero 23,625 Zero

Engineer 150 83.0 Zero 12,450 Zero

Test conditions 812 199.7 .09, right 1,620,420 768

Table 6. XM35 (20mm) Machine Gun Firing.

Longitudinal Lateral Longitudinal Lateral

Weight Fuselage Fuselage ont MometItem (lb) Station Station Moment Moment
(in) (n.) (in.-lb) (in.-Ib)

(in.) (in.)

Basic aircraft 5943 202.5 .13, right 1,203,345 768

Average fuel 1200 203.8 Zero 244,500 Zero

Instrumentation 200 245.0 Zero 49,000 Zero

XM35 armament 550 200.0 Zero 110,000 Zero
subsystem

Average 20mm.Avage20mm 252 197.3 Zero 49,720 Zero

ammunition

Pilot 175 135.0 Zero 23,625 Zero

Engineer 150 83.0 Zero 12,450 Zero

Test conditions 8470 199.8 .09, right 1,692,640 768
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APPENDIX C. TEST INSTRUMENTATION

yGENERAL

I. Flight test instrumentation was installed, calibrated, and maintained by
instrumentation personn-l of USAASTA and USAAMRDL. This instrumentation
was used to record vibration data, temperature data, and flight condition
parameters. A list of the instrumentation components is presented in table !.

VIBRATION INSTRUMENTATION

2. An FM-FM magnetic tape system was used to record the vibration data. A
block diagram of the instrumentation system is presented in figure 1. Data were
recorded over a frequency range of 2 to 2000 Hz for all flight conditions. The
transducers were miniature triaxial, biaxial, and uniaxial piezoelectric accelerometers
which were mounted at 61 locations throughout the aircraft for a total of
120 channels of vibration data. The instrumentation was limited to recording data
from 1 2 accelerometers simultaneously. To record more than 1 2 channels of data,
an eight-position manual switching network was employed and each flight condition
was recorded for each switch position, for a maximum data capacity of 96 channels.
To obtain the total of 120 channels of vibration data, the accelerometers were
relocated after completion of all test conditions and the test conditions were
repeated. The maximum capacity of the instrumentation system is 96 channels
without accelerometer relocation and 192 channels with one relocation.
Accelerometers were bonded to the component of interest with the accelerometer
axis aligned to the component axis. The mounting locations of each accelerometer
are shown in photos I through 44. Table 2 lists the accelerometer locations,
accelerometer type, and amplitude range.

3. The vibration instrumentation was calibrated to determine the amplitude
sensitivity and frequency response of the total data system. A frequency sweep
was performed on each accelerometer with an electrodynamic shaker. Each
accelerometer was mounted back to back with a calibrated reference accelerometer
and the charge sensitivity, picocoulomb/g, and frequency response of the test
accelerometer determined by comparison with the reference accelerometer. The
airborne data recording system was calibrated by means of a charge source. For
each channel, the charge source was set to simulate a given acceleration value by
reference to the accelerometer charge sensitivity determined by the shaker
calibration, and the airborne data system cutput was recorded. The ground station
was calibrated separately from the airborne system, and the two system scale factors
were combined to obtain an overall data system scale factor. It is estimated that
the accuracy of the total vibration measurement system, both airborne and ground
units, is within ± 10 percent of the true acceleration amplitude.
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Table 2. Accelerometer Locations.

Full Seal
S iusele Waor buttlio Acceleration Accelerometer

Le.etlo lumber Station Line Axes e= r in Lit,) (I..) Ito n:T~

Nonfiring Pirin_

Pilot Inetrvmeat panel
Panel 1 113.0 76,3 -12.9 3 5 17 2228C
Mount 2 112.3 76.6 -13.6 3 3 17 2228C
Panel 3 111.4 85.6 Zero 3 5 17 2228C
Mount 4 110.6 85.0 -0.3 3 5 17 2228C

Panel 5 113.0 76.3 12.2 3 5 17 2228C
mount 6 112.3 76.6 12.9 3 5 17 2226C
Panel 7 112.8 77.6 Zero 3 5 17 2228C
Panel 8 112.6 78.5 7.0 3 5 17 2228C

Crtner instrumaent panel
Panel 9 57.4 65. -10.0 3 5 17 2228C
MHutt 10 37.2 64.6 -10.9 3 5 17 2228C
Pane 11 57.6 65.5 10.0 3 5 17 2229C
Mount 12 57.2 64.6 10.7 3 5 17 22Z$K
Panel 13 58.0 64.9 3.6 3 5 17 2228C

Avionics
Gunner gun eight 14 70.1 67.3 Zero 3 3 17 2228C
Turret electronic components 15 69.5 51.8 10.4 3 5 17 2226CK
SCAS sensor mplifier 16 159.7 81.0 -7.3 3 5 17 2228C
A, t-83 redio 17 216.9 44.8 -10.7 3 5 17 2228C
AJ"-83 radio mount 18 276.9 43.1 -10.7 3 3 17 2228K
ARC-134 radio 19 364.8 53.9 -1.3 3 5 17 2228C

ARC-134 radio mount 20 364.8 51.5 -1.3 3 5 17 2228C

Human factors
Gunner seat atructurt 21 93.0 53.3 Zero 3 5 17 2228(
Pilot weat pad plate 22 139.5 65.0 Zero 3 5 17 2228C
Pilot seat structure 23 135.0 60.3 Zero 3 5 17 2228K

Pilot right footrest 24 104.1 55.1 8.6 Verticl 5 17 2228C
lateral 5 7 228

Pilot collective trip 25 125.6 75.8 -14.0 vertical 5 17 2226C
Pilot cyclic grip 26 125.7 75.1 -2.7 3 5 17 2228C
Pilot helset 27 - - -- 3 5 17 2228C
Pilot bite block 8 - -. -. 3 5 17 2228C

Lift link 29 197.4 66.7. -0.3 3 5 50 2226C

Tach generators
maln rotor 30 201.0 70.1 -1.0 3 50 50 2228C
Power turbine (N2) 31 240.1 89.7 -10.5 3 17 s0 2228C
Gas producer (11) 32 239.5 77.1 3.4 3 50 s0 222C

Transmission
Left forward mount 33 102.2 73.2 -12.5 3 17 50 2228C
Right forward mount 34 192.2 73.2 12.5 3 17 so 2228C
Right aft mount 35 209.2 73.6 12.5 3 17 s0 2228C
Left aft mount 36 209.2 73.6 -12.5 3 50 50 2228C
Troneission case 37 213.6 97.7 Zero 3 167 167 2228C

Engine
Left forward mount 38 233.., 81.5 -7.8 3 17 s0 2228C
Left aft mount 39 254.2 78.5 -12.3 3 17 50 2228C
light mount 40 254.2 78.5 11.7 3 17 s0 2228C
EnXIm deck 41 241.9 65.1 Zero 17 50 222KC
Engine forword firevall 42 230.1 75,4 Zero i s0 30 2228C

Monger bearings

No. I 43 273.4 69.7 -2.2 Veral, 0 50 2226C
lat r ,1 5 S 26

V~rti al
No. 2 44 335.8 69.7 -2.2 lateral 50 50 2228C

I!.14 9.5 6. 22 Vertical,! 30 0 222KlateralNO. ) 45 399.5 69.7 -2.2 larteral. 0 S 26

Tail rotor gearboxee
42-degree gearbox 46 470.1 70.5 Zero 3 50 0 2228

90-detgree gearbox 47 520.7 114.7 3.4 3 50 50 2228C

Tail boos attach points
Upper left 48 297.0 67.0 -13.0 3 5 50 2228C
Lower riglht 49 299.4 32.5 13.0 3 5 30 2228C

Collective servo mount 50 208.6 67.5 -9.5 3 50 2228C

Elevator tip, tigbt 51 395.5 58.2 40.4 3 50 2228C

Navigation lights

Left ving tip 52 211.7 58.9 -62.3 3 50 50 2228C
Tail 53 471.8 57.4 -6.3 3 s0 50 2228K

Gus mounto
Turret 54 69.1 34.8 -2.7 3 167 167 2228C
Left wing 55 190.5 63.6 -44.0 3 167 167 2228C

Engine case
Front 56 239.7 96.4 Zero 3 50 50 2228:

Iid 57 256.2 98.7 Zero 3 50 50 2228C
Aft 5 266.0 96.1 Zero 3 50 50 2228t

FuselaIge skin
Nose 59 55.0 41.8 Zero Vertial 167 167 2226C
Left forward side 60 77.9 53.8 -16.5 Laterui 167 167 2226C
Mid forward side 61 119.8 54.7 -17.6 Latern 167 167 2226C
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TEMPERATURE INSTRUMENTATION

4. Temperature data were recorded by mounting thermocouples at 18 locations
throughout the helicopter. The temperatures were displayed on one temperature
indicator which was switched to the desired thermocouple. Table 3 lists the
locations of the thermocouples and the temperature measurement equipment is
described in table 1. Thermocouple locations are presented in photos 2, 3,
18 through 20, 26, 28 through 32, 41, and 45 through 50. Solar radiation was
recorded on the ground with a calibrated radiometer. Outside air temperature (OAT)
was recorded with a laboratory thermometer for static temperature measurements
and with the ship's OAT indicator for in-flight temperature measurement.

FLIGHT CONDITION PARAMETERS

5. The parameters listed in table 4 were hand-recorded from the ship's standard
instruments to determine the flight condition. The readability for each instrument
listed in table 4 was determined by dividing the smallest increment marked on
the dial by 5.
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Table 3. Thermocouple Locations.

Location V.selage Water Buttline
Location Station Line

Number (in.) (in.) (in.)

Forward cockpit 1 89.2 97.1 8.3

Aft cockpit 2 151.8 104.1 8.3

Pilot instrument panel 3 106.9 77.8 Zero

Gunner instrument panel 4 54.8 64.3 Zero

Aft avionics 5 356.1 66.6 Zero

Focward transmission 6 191.0 77.2 Zero
compartment

Aft transmission 7 211.3 71.6 Zero
compartment

Upper engine compartment 8 239.5 105.4 Zero

Lower engine compartment 9 246.9 64.8 Zero

42-degree gearbox 10 469.5 68.6 Zero

90-degree gearbox 11 519.5 114.1 3.4

Oil cooler area 12 267.7 47.9 Zero

Hanger bearing No. 1 13 274.9 69.7 -2.2

Hanger bearing No. 2 14 337.3 69.7 -2.2

Hanger bearing No. 3 15 401.1 69.7 -2.2

Power turbine tach generator 16 240.4 91.3 -9.2

Gas producer tach generator 17 239.5 78.4 4.5

Main rotor tach generator 18 201.1 71.6 Zero
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Table 4. Flight Condition Perawzeters.

I Parameter Range of Interest Readability 4

Airspeed 20 to 190 knots ±0.0 knot

4Outside air temperature Zero to 30*C ±0.4*C

Main rotor speed 294 to 324 rpm ±2.0 rpm

Gas producer speed 60 to 101.5 percent ±0.2 percent

Fuel quantity Zero to 1700 pounds ±4.0 pounds
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INSTRUMENTATION PHOTOGRAPHS

INDEX

Phototra ph Photograph Number

Accelerometer locations I through 4
Accelerometer locations 5 through 8 2
Accelerometer locations 9 and 10 3
Accelerometer locations I1 through 13 4
Accelerometer location 14 5
Accelerometer location 15 6
Accelerometer location 16 7
Accelerometer locations 17 and 18 8
Accelerometer locations 19 and 20 9
Accelerometer location 21 10
Accelerometer location 22 11
Accelerometer location 23 12
Accelerometer location 24 13
Accelerometer location 25 14
Accelerometer location 26 15
Accelerometer locations 27 and 28 16
Accelerometer location 29 17
Accelerometer location 30 18
Accelerometer location 31 19
Accelerometer location 32 20
Accelerometer locations 33 through 36 21
Accelerometer location 37 22
Accelerometer location 38 23
Accelerometer location 39 24
Accelerometer location 40 25
Accelerometer location 41 26
Accelerometer location 42 27
Accelerometer location 43 28
Accelerometer location 44 29
Accelerometer location 45 30
Accelerometer location 46 31
Accelerometer location 47 32
Accelerometer locations 48 and 49 33
Accelerometer location 50 34
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Accelerometer location 5 1 35
Accelerometer location 52 36
Accelerometer location 53 37
Accelerometer location 54 38
Accelerometer location 55 39
Accelerometer location 56 40
Accelerometer location 57 41
Accelerometer location 58 42
Accelerometer location 59 43
Accelerometer locations 60 and 61 44
Thermocouple location 1 45
Thermocouple location 2 46
Thermocouple location 3 2
Thermocouple location 4 3
Thermocouple location 5 48
Thermocouple location 6 49
Thermocouple location 7 47
Thermocouple location 8 41
Thermocouple location 9 26
Thermocouple location 10 31
Thermocouple location 11 32
Thermocouple location 12 50
Thermocouple location 13 28
Thermocouple location 14 29
Thermocouple location 15 30
Thermocouple location 16 19
Thermocouple location 17 20
Thermocouple location 18 18
Wet Bulb Globe Temperature Sensor 51
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APPENDIX D. TEST AND DATA
ANALYSIS METHODS

I Because of the discrete frequency content of the data, a narrow-band spectral
analysis was performed. A Spectral Dynamics 301 real-time spectral analyzer was
utili/ed to perforin the spectral analysis. This spectral analysis converted the data
from the time domain (acceleration as a function of time) to the frequency domain
(acceleration as a function of frequency). The output of the spectral analysis was
a digital plot of acceleration versus frequency composed of acceleration values at
500 discrete frequencies uniformly spaced over the selected frequency range of
the spectrum analyzer. The data were analyzed over two frequency ranges. zero
to 500 liz for instruments, avionics, and the pilot station, and zero to 2000 lHz
for ,all other locations with resolution bandwidths of I Hz and 4 Hz, respectively.
The zero-to-500-Hz analysis range was utilized for all instruments, avionics, and
pilot station data, since there were no data of interest above 500 Hz, and the
frequency resolution was better on the 500-11z range than on the 2000-Hz range.
l'h, /ero-to-2000-II analysis range was used for all other locations, since there

werc significant data above 500 1t7 and the maximum instr'imentation frequency
response was 2000 Hz. Because of' the random variation in amplitude, the data
were averaged over a period of time to determine the mean acceleration amplitude
for each test condition. 'This data averaging was accomplished with a Spectral
)ynamics 3023 enemble av'erager. Data were averaged over an 8-second time

interval for stead,-statc nonweapons-firing flight conditions, a 2-second interval for
maneuvering flight. andi a 2-second interval for weapons firing. The 2-second
maneuvering flight analysis time interval was selected to cover the most severe
vibrations encountered during the maneuver.

2 The following equations were used to calculate the acceleration mean and

slandard deviation values

11 Mean (9)

NE
x: j.-___ -x "
A -'I,,

N

b St~idard deviation (S)

N
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c. Mean plus standard deviation (Y):

Where: X= acceleration at a specific frequency

N = number of records compressed

3. Figures I and 2 are block diagrams of the spectral analysis and data
compression procedures.

TEMPERATURE DATA

4. The electrical analogue shown in figure 3 was developed to predict the
temperature 'of the cabin and avionics under static conditions at values of ambient
air temperature and external radiation different than those tested. The results of
this analysis are presented in figures 254 through 262, appendix E.
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E:LECTRICAL QUANTITY HEAT TRANSFER QUANTITY UNIT (1K)
V -VlaeTa Ambient air temperature *

vc-Voltage across capacitor Tc Transient temperature inside helicopter OK

T55 -Steady-state temperature inside helicopter 0

To Initial temperature inside helicopter OK
R c Rsistance Kc ' Conduction coefficient Hr - K/BTLU

RI -'Resistance Kr Radiation heat transfer coefficient Hr - 1CK/BTU
C Cdpacitor C -Heat capacity BTU/0C

I Current Eex Total external radiation BTU/hr

Ea "-Atmospheric radiation (total external
radiation minus solar radiation) BTU/hr

Fs Solar radiation BTU/hr
I Time Time Hr

Figire 3. Heat Transfer Electriw'al Analog.



5. Using the circuit shown in figure 3, the equation describing the transient
response of the helicopter to an ambient air temperature and source of external

radiation can be written as:
C[ Ta KT + Ee I(~c Kr TaK +Ee cr

=c e4/Keq jTo + T( ~ (  ex KcK 1

Ky Kr
Where: K c

eq K + KI.c r

When t (time) oothe steady-state helicopter temperature Tss is given by:

Ta Kr Eex Kc Kr(2

Kc + Kr

Whcre Eex =Es + o Ta4

01.8 x 10-8 BTU/ft 2 -hour - 014

6. 'quation 2 was uIsed to find Kc and Kr by allowing the helicopter to reach
its steady-state temperat,. at two different constant ambient air temperaitures (Tal
and Ta2) and at two different external radiation values (Eex, and Eex 2). Thi
resulted in two equations with two unknowns, Kc and Kr, which were solved for
Kc and K(r, eqtiat~ons 3 and 4.

Kc a) Tss 1  Ta1  ss2  (3)

Fex, T 2 Eex 2  SS I

Kr _ SSlK (4)

Ta1 +ex, Kc -TS
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7. A different Kc and Kr were calculated for each temperature sensor location.
Each location was considered to comprise an area of I square foot which enabled
the measured external radiation value in units of BTU/ft 2-hr to be converted to
BTU/hr. These values of Kc and Kr were then inserted into equation 2 in order
to calculate the steady-state temperatur t each temperature sensor location for
different values of solar radiation and ambient air temperature than those tested
(figs. 136 through 144, app G).

WET BULB GLOBE TEMPERATURE CALCULATION

8. The WBGT index is calculated from the following equation:

WBGT = 0.7WB + 0.2GT + 0.1DB

Where: WB = Naturally convected wet bulb temperature - OF

DB = Dry bulb temperature - OF

GT = Globe temperature - OF

For an outside air temperature of I 00*F, a solar radiation value of 250 BTU/hr-ft 2

and an airspeed of 80 KCAS, a cabin temperature rise of 12.8"F and a globe
temperature rise of 17.0 0F can be determined from the left side of figure G. The
cabin temperature rise is added to the outside air temperatui-e of 100*F to give
a cabin temperature of !12.8*F. The globe temperature rise of 17.0'F is added
to the cabin temperature to give a globe temperature of 129.8"F. At a relative
humidity of 50 percent at I 00*F, a psychrometric chart (shown on the next page)
can be used to determine a wet bulb temperature of 86.0"F for a cabin dry bulb
temperature of I I 2.8"F. Using these temperature values, the WBGT can be
calculated.

WBGT = (0.7) (86.0) + (0.2) (129.8) + (0.1) (112.8) = 97.4-F
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APPENDIX E. TEST DATA

INDEX

Figure (Compression Number) Figure Number

Data Compression Arrays I through 3
All Nonfiring Test Conditions Vibration

Pilot Instruments (337) 4 and 5
Pilot Instrument Panel Structure (339) 6 and 7
Gunner Instruments (341) 8 and 9
Gunner Instrument Panel Structure (343) 10 and II
Gunner Gun Sight (345) 12 and 13
Avionics (347) 14 and 15
Pilot Input (351) 16 and 17
Pilot (353) 18 and 19
Gunner Seat Structure (349) 20 and 21
Lift Link (355) 22 and 23
Tach Generators (357) 24 and 25
Transmission Mounts (359) 26 and 27
Transmission Case (361) 28 and 29
Engine Mounts (363) 30 and 31
Engine Deck (365) 32 and 33
Engine (381) 34 and 35
Hanger Bearings (367) 36 and 37
Tail Rotor Gearboxes (369) 38 and 39
Tail Boom Attach Points (371) 40 and 41
Collective Servo (373) 42 and 43
Elevator Tip (375) 44 and 45
Navigation Light, (377) 46 and 47
Gun Mounts (379) 48 and 49

All Firing Test Conditions Vibration
Pilot Instruments (338) 50 and 51
Pilot Instrument Panel Structure (340) 52 and 53
Gunner Instruments (342) 54 and 55
Gunner Instrument Panel Structure (344) 56 and 57
Gunner Gun Sight (346) 58 and 59
Avionics (348) 60 and 61
Pilot Input (352) 62 and 63
Pilot (354) 64 and 65
Gunner Seat Structure (350) 66 and 67
Lift Link (356) 68 and 69
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Tach Generators (358) 70 and 71
Transmission Mounts (360) 72 and 73
Transmission Case (362) 74 and 75
Engine Mounts (364) 76 and 77
Engine Deck (366) 78 and 79
Engine (382) 80 and 81
Hanger Bearings (368) 82 and 83
Tail Rotor Gearboxes (370) 84 and 85
Tail Boom Attach Points (372) 86 and 87
Collective Servo (374) 88 and 89
Elevator Tip (376) 90 and 91
Navigation Lights (378) 92 and 93
Gun Mounts (380) 94 and 95
Fuselage Skin (384) 96 and 97

Pilot Instrument Vibration
Hover (1) 98 and 99
Sideward Flight (2) 100 and 101
Level Flight (3) 102 and 103
Climb (4) 104 and 105
Descent (5) 106 and 107
Takeoff (6) 108 and 109
Landing (7) 110 and 111
Maneuvering (8) 112 and 113
Ground Run (9) 114 and 115
M134 (7.62mm) Gun Firing (10) 116 and 117
XM129 (40mm) Grenade Launch.- Firing (11) 118 and 119
XM195 (20mm) Gun Firing (13) 120 and 121
2.75-Inch Rocket Firing (14) 122 and 123

Gunner Instrument Vibration
Hover (29) 124 and 125
Sideward Flight (30) 126 and 127
Level Flight (31) 128 and 129
Climb (32) 130 and 131
Descent (33) 132 and 133
Takeoff (34) 134 and 135
Landing (35) 136 and 137
Maneuvering (36) 138 and 139
Ground Run (37) 140 and 141
M134 (7.62mm) Gun Firing (38) 142 and 143
XM 129 (40mm) Grenade Launcher Firing (39) 144 and 145
XM195 (20mm) Gun Firing (41) 146 and 147
2.75-Inch Rocket Firing (42) 148 and 149
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Tach Generators (358) 70 and 71
Transmission Mounts (360) 72 and 73
Transmission Case (362) 74 and 75
Engine Mounts (364) 76 and 77
Engine Deck (366) 78 and 79
Engine (382) 80 and 81
Hanger Bearings (368) 82 and 83
Tail Rotor Gearboxes (370) 84 and 85
Tail Boom Attach Points (372) 86 and 87
Collective Servo (374) 88 and 89
Elevator Tip (376) 90 and 91
Navigation Lights (378) 92 and 93
Gun Mounts (380) 94 and 95
Fuselage Skin (384) 96 and 97

Pilot Instrument Vibration
Hover (1) 98 and 99
Sideward Flight (2) 100 and 101
Level Flight (3) 102 and 103
Climb (4) 104 and 105
Descent (5) 106 and 107
Takeoff (6) 108 and 109
Landing (7) 110 and 11
Maneuvering (8) 112 and 113
Ground Run (9) 114 and 115
M134 (7.62mm) Gun Firing (10) 116 and 117
XM 129 (40mm) Grenade Launch Firing (11) 118 and 119
XM195 (20mm) Gun Firing (13) 120 and 121
2.75-Inch Rocket Firing (14) 122 and 123

Gunner Instrument Vibration
Hover (29) 124 and 125
Sideward Flight (30) 126 and 127
Level Flight (31) 128 and 129
Climb (32) 130 and 131
Descent (33) 132 and 133
Takeoff (34) 134 and 135
Landing (35) 136 and 137
Maneuvering (36) 138 and 139
Ground Run (37) 140 and 141
M134 (7.62ram) Gun Firing (38) 142 and 143
XMI29 (40mm) Grenade Launcher Firing (39) 144 and 145
XM195 (20ram) Gun Firing (41) 146 and 147
2.75-Inch Rocket Firing (42) 148 and 149

92



Gunner Gun Sight Vibration
Hover (57) 150 and 151
Sideward Flight (58) 152 and 153
Level Flight (59) 154 and 155
Climb (60) 156 and 157
Descent (61) 158 and 159
Takeoff (62) 160 and 161
Landing (63) 162 and 163
Maneuvering (64) 164 and 165
Ground Run (65) 166 and 167
M134 (7.62mm) Gun Firing (66) 168 and 169
XMI29 (40ram) Grenade Launcher Firing (67) 170 and 171
XM195 (20ram) Gun Firing (69, 172 and 173
2.75-Inch Rocket Firing (70) 174 and 175

Avionics Vibration
Hover (71) 176 and 177
Sideward Flight (72) 178 and 179
Level Flight (73) 180 and 181
Climb (74) 182 and 183
Descent (75) 184 and 185
Takeoff (76) 186 and 187
Landing (77) 188 and 189
Maneuvering (78) 190 and 191
Ground Run (79) 192 and 193
M134 (7.62mm) Gun Firing (80) 194 and 195
XM129 (-,0mmn) Grenade Launcher Firing (81) i96 and 197
XM 05 i20mm) Gun Firing (83) 198 and 199
2.75-Inch Rocket Firing (84) 200 and 201

Pilot Input Vibration
Hover (99) 202 and 203
Sideward t-iight (100) 204 and 205
Le,,el Flight (101) 206 and 207
Climb (102) 208 and 209
Descent (103) 210 and 211
Takeoff (104) 212 and 213
Landing (105) 214 and 215
Maneuvering (106) 216 and 217
Ground Run (107) 218 and 219
M134 (7.62mm) Gun Firing (108) 220 and 221
XM 129 (40m) Grenade Launcher Firing (109) 222 arid 223
XM195 (20mm) Gun Firing (I1I) 224 and 225
2.75-Inch Rocket Firing (112) 226 and 227
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Pilot Vibration
Hover (13) 

228 and 229Sideward Flight (114) 230 and 231Level Flight (115) 232 and 233Climb (116) 234 and 235Descent (117) 236 and 237,off (118) 238 and 239L nding (119) 240 and 241Maneuvering (120) 242 and 243Ground Run (121) 244 and 245M134 (7 .62mm) Gun Firing (122) 246 and 247XM129 (40mm) Grenade Launcher Firing (123) 248 and 249XM195 (20mm) Gun Fin g (125) 250 and 2512.75-Inch Rocket Firing (126) 252 and 253
Static Temperatures

Forward Cockpit 254Aft Cockpit 255Pilot Instrument Panel 256
Gunner Instrument Panel 257Aft Avionics 

258Tail Rotor 42-Degree Gearbox 259
Tail Rotor 90-Degree Gearbox 260Hanger Bearing No. 2 261Hanger Bearing No. 3 262

9.
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APPENDIX F. GLOSSARY

.\IBR V I *\'l'ON 1)1 IIN! liON

C on hg C 011gr1 tioii
C omHb Co()ibilikd
I U's I ivironin ntaol control system
I:FA R Folding (*ni aerial rocket

IWvd l'ot ward

if Loll) "ittudinal axis
JIR T Iigl-rarte firing, 4000 rd/nm
11, Ilert/
Rd1 In ground effct
In Inch
K( AS Knrots calibrated airspeed
I Lateral axis

I Le e I'light
Lowrt fiig,20 rd/nn

I'tgn

N, F uwn power turbine
W&GI Ouit of igrounrd e ffect
Rt Right

1111 RAe ol cimbII
R, I) Rate of (lect it
1Wd11n1i1 Round,, per mlinute
Sill, ShafIt hor sepower
TO Takeo IfI

V Vertical a~i
\ \,I Never- x ceed airpeed
VI I N1axillnurri airspeed for level flight
\ loir A Ii spctd lor iiiaxiiii endurance
Vhe't R u AIirspeed for nm u wirinrte of cliub1
Vatrrrhc R CAirspeecd I'm OHi Arise rat uLlimb
Vrniln R I) Air peed Ic amrcn e rate of' deeent
1() 1 Igh: 10-degi c rligh b linik
M Itit 30-dtg ckeeh It banlk

Art 1~-de cch 1 0 cu it banlk
w 1d le t 0d-d ctci cc, let I1ha 111%
(Mt I ivh t m aiirotatekd 9)0 wht
(WO lot lI mret r latd 110 le-ti 365


